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Description 

FIFI D OF THE INVENTION 



during transport and storage, 
ro parjOTRnuND O F thf invention 

Acrvlic acid can be polymerized under controlled conditions to give useful polymers. In preparing acrylic add or 
prepSaSc^^ 

™eJS hydrogen bonding which facilitates polymerization under certan cotkMh^ (See L^R Levy 
Stan of Acrvlic AcidPolymerization by Phenothiazine and p-Methoxyphenol." Journal of Polymer 
^ ' or ^ m ivrS VU I 23 dp 1505-1515 (1985).) It is known that the high polymerization tendency of acrylic aod 

J^S* * ODOC w ot «a» n*^ 1^0* induft* *o» dmd <ron h* 

Jhwijiinaririina.i^xvKle without the 4-oxo) and preferred thereover. (See EP 178,168 Bi.) .. „ .. 

ethyl-pperrime 1 J., discl0S es a method for minimizing polymenzaton of acryhc aad 

" dunnTdSXSS crises doling the acrylic add in the presence of nitric oxHe in the gas phase and 
phen^ine^ 

tm^^i'SSL for inhibiting the polymerization of acrylic add. The nitroxide has the essentia, skeleta. 
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.. n p p R and Ha are alkvl groups and no hydrogen is bound to the remaining valencies on the carbon atoms 

KesXMPO and di-tert-butyl nrtroxide were exemplified. Comparative examples utrtized BQ, HQ, PTZ, a.o 
diphenyl-p-picrylnydrazil (DPPH) or cupric chlorida 

rb 1 432 190 discloses that PTZ is useful as a stabilizer during distillation of acrylic acid. 

n Vslw an SSSSr et al discloses the use of 1-hydroxy substituted hindered amine compounds as pre- 
J^SSff-S fSSSSS - effects inhMors to prevent the premature POt^onof monomers. 
ZrtZ JZ -Sid methaaylto add. in either the vapor or *M ™° "^^^ 
^9 2 66-tetramethvlDiDeridine and l<jxyl-4-hydroxy-2.2.6.6-tetramethylpipendine (rfTEMPO) were coirparea 
TJ^^^^*™™*. A con* nation d N.N.lialkylhydroxylamines and monomethyl ether of hydroqu.ni- 
none ^^EXTEl* *e polymerization of methyl methacrylate rronomer. £ ooa^mm- 
Die? thTSSg inhibitors alone failed to inhibit the polymerization of acrylic ^ phenothjaz.ne PTA I^N- 
*S£*£Z^ (DEHA); 1-hydroxy 2.2.6.6-tetiamethylpiperidin^yl benzoate; 1-hydroxy.2.2.6.6-tetramethy|. 

"UStSSS t^^^^^ P- PTZ (or ofrer rdated bete** yd* 

vWoterThough other PTZ-related heterocyclic moieties are disclosed, only PTZ s demonstrated and darned 

ftCoxy substituted hindered amines are used in conjunction with PTZ. the corresponding stable 

nitrox^sare mot : «d 2 ^ >6 . t etm-n^ on Acrylic Add." ^emica. 

. i #!« ^'naeJiMueK^M Vol 4 No 2 do 244-247 (1983) discloses the synergistic effect of the combination 
$£tS n >Z benX^ne (BQ) - U* add. The inhibiting effeds or .ackthereof on 

SSeZTnone gCBQ). BQ, 1.4*itroquinone (NQ). and phenylquinone (PQ) alone and ^atons of 

TCBQ NQ or PQ. Improved inhibition effects were seen when HTEMPO was mixed with BQ. The 

p-hySS^SSer J?EHQ) to prevent the porymerization of methacrylic acid and lisobutync ac* (and *m 
eS^TsZrgistto effed of these two components requires the presence of oxygen. Acryjc acid is nether taught 

s partfcular combination. Reference * — * ■"J^S^ 2 * 
dzed in regards to ttie large quantities of retarder (i.e.. HTEMPO. BQ and PTZ) required thereby. 

Le^T Le£ supra disdoses the cognation of PTZ and MEHQ to inhibit the polymenzaton of acryl.c acid. 

toinin^g*^^ 

iiq Afifi3d8Q to Inskio el al„ discloses that manganese nitrite, i.a Mn(N02) 2 , effectively inniure uriu<*»nt« 

hXn C hvHrrv-artvwvl acids and hvdrocarboxyl esters. Acrylic aod is specifically exemplified. 

U ?1 ISS?* RoKn SSoSTESS. combination of a cerium source compound and an aromatc amine *g 

aphe^Sn^ 

Affvlic acid was removed prior to testing with the inhibitor composition disclosed therein. 

4 0^3^dSoses carrying out the distillation for separating or purifying the acrylic acid obtamed by the 
vaoo^ase cataWicSfon of Scjylene or acrdein or acrylic esters derived from acrylic add. in the presence of 
r X Sn^XoTr^ eledeSZ the group consisting of HQ. MEHQ. cresds. phenols. ^ -^S" 
i- iSlSL ptt-T various other compounds described in the patent, and methylene blue; (B) at least one com- 
tSSESZ ^?^2ZS5E copper dimethyldrthiocarbamate. copper diethyldHhiocarbamate copper 
S ^XS^^Z^ama and cccoer salicylate; and (C) molecular oxygen. Some of the compounds of groups 
SEJES^^ - ^ or Hs esters and that the dmuKa- 
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neous use of these compounds with molecular oxygen is also known. On the other hand, the WO i patert de^es the 
simultaneous use of the three components of groups (A). (B) and (C) in the distillation of acrylic acd or rts esters to 
obtain a synergistic effect 

Thus as noted, acrylic acid undesirably polymerizes at various stages of its manufacture, proc^ng. handjn» 
5 storage and use. A particularly troublesome problem is equipment fouling caused by polym enzation 

stages of acrylic acid production processes. Polymerization, such as thermal polymenzaton. during the pupation of 
acrylic acid, results in me loss of acrylic acid and in toss of production efficiency because the polymer often deposrts in 

or on equipment in contact with the acrylic acid and must be removed at frequent intervals. 

Ashas been discussed above, a wide variety of substances have been proposed for inhibiting uncontrolled polym- 
10 erization. e.g.. thermal polymerization, of acrylic acid. However, the heretofore proposed ^.^.^^^ 
entirely satisfactory. Accordingly, there is a substantial need in the art for improved compositions in wh«h^ymen«, 
tion of acrylic acid is inhibited during the distillation process for purifying or separating the acrylic monomer as well as 

dU TeSa^?Sed references descrtoes or suggests that a combination d(1) a s^ 
15 prior art teaches is consumed in the presence of oxygen) or its corresponding N-hydroxy substituted compound and (2 
MEHQ (which the prior art teaches requires the presence of oxygen to be effective) or other S 
is or could possibly be such effective inhibitors to prevent the premature polymenzation of acrylic aod (in the liquid or 
vapor phase) in either the presence or absence of oxygen. 

20 fil IMMARY OF THE INVENTION 

A stabilized acrylic acid composition is provided in which polymerization of the acrylic acid is inhibited during the 
distillation process for purifying or separating the acrylic acid as well as during transport and storage. The^mp^-tons 
of the present invention comprise three components: (A) acrylic acid. (B) a stable nitroxyl radical e.g.. HTEMPaor rts 
25 corresponding hydroxy! amine and (C) a diheterc-substituted benzene compound having at least one transferable 

hvdroaen, e.a., a quinone derivative such as MEHQ. . . 

During the distillation process, transport and storage, components (B) and (C) are present m a pdymenzation- 
inhibiting amount. During the distillation process, oxygen (D) is preferably added with components B) and (C). 

Pref eSfy ^nponerrt (B) is present in an amount of from about 5.8 millimolar to about 5.8 molar parts per million 
(ppm) and component (C) is present in an amount of from about 8 millimolar to about 16 molar ppmjf present during 
Satioacon^nent (D] lis preferably present in an amount of from about 1 to about 15.000 ppm. with the ppm being 
based on oxygen content Component (D) may be present or added as air or molecular oxygen 

The metiwd of the present invention excludes any process carried out for the purpose of polymenzmg acryhc aod. 
particularly in the presence of effective amounts of polymerization catalyst. A particular application of the P^™™' 
Son is to inhibit the spontaneous formation of "popcorn polymer in distillation equipment used to separate and recover 
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IN THE DRAWINGS 



40 Figure 1 is a bar graph representing some of the results of Example 2. 

Figures 2A through 2D are bar graphs representing some of the results of Example 3. 



DESCRIPTION QF THE INVENTION 



A stabilized acrylic acid composition is prwided in which polymerization of the acrylic acid is inhibited during the 
distillation process for purifying or separating the acrylic acid as well as during trar^rta^storaga ^e^r^rtons 
of the present invention comprise: (A) acrylic acid, (B) a stable nitroxyl radical. e.g.. HTEMPO, or its corresponding 
hydraxylamine and (C) a dihetero-sUbstituted benzene compound having at least one transferable hydrogen, e.g., a qui- 
none derivative such as MEHQ. During distillation, transport and storage, components (B) and (Q are pr^erJM in a 
polymerization-inhibiting amount. During the distillation process, oxygen (D) is preferably added with components (B) 



and (C). 



Suitable free radical for use in this invention is a stable nitroxyl radical (also called nitroxide) having the formula: 
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wherein R«, R 2 . R3 and R4 are alkyl groups or heteroatom substituted alkyl groups and no hydrogen * bound to the 
Sing values on the carbon atoms bound to the nitrogen. Also suitable are the correspond^ hydioxylam.ne 

15 thereof. , m . . „ . HC 

The alkyl (or heteroatom substituted) groups R1-R4 may be the same or different, and I pref er ablyj "J ^ 15 
carbon atolro. Preferably R, -R4 are methyl, ethyl , or propyl groups. In addition to hydrogen the heteroatom substituents 

may include halogen, oxygen, sulfur, nitrogen and the like. ^ r ~, an 

The remain^ valences (R 5 and Re) in the formula above may be satisfied by any atom or group except hydrogen 

» which^3c^ 

and are undesirable. Preferably R 5 and Re are halogen, cyano. -COOR^ wherein R„ ■ alkyl or ^-pONH* * 
C fi H, -S-COCH,. -OCOCaHg. carbonyl. alkenyl where the double bond is not conjugated with the . n*OMde moiety, or 
?M of 1 to 1 5 cLbon atoms R 5 and Re may also form a ring structure with the nitrogen, preferably containing- or 5 
cartlon atoms and up to two heteroatoms. such as O. N or S. In such a situation. R 5 and R* may be des.gnated by T 

25 and the nttraxide structure represented as follows: 




35 



Further two or more nitroxyl groups may be present in the same molecule, for example, by being linked through the 
10 T moiety by a linking group E as disclosed in U.S. 5,254,760, which is hereby incorporated by reference. 

ol^^on^ having the structure above and in which R 5 and R 6 form part of the nn£ .are jpyr- 
rolkJin-1-oxys, piperidinyl-1-oxys. the morpholines and piperazines. Particular examples wherein ithe R5 and R« above 
C part 51 n" are 4^^.2.2,6.6.^^ ^>xy (HTEMPO); 2 ^ trt ^^ n ^: 

4-oxoT2.6,64etoT,eth y ii)iperidino.1-oxy; and pyrrdin-l-oxyl. Suitable R 5 and Re 
« groups A specif ic example of a suitable compound where R, -Re are alkyl groups is di-tert-butylnrtroxKie. The preferred 
cSyl coining nZddes are those wherein the R 5 and Re form a ring structure with the nitrogen, preferably a six 
nuniierrina for exarrple, 4-axo-2,2 f 6,6-tetramethylpiperidino-1-axy. 

Ta^es ofSle nrtroxide free radical compounds include, but are not limited 
amvlnilroxide- 2 2 6 6-tetramethyl-piperidinyloxy; 44iydiw2.2.6.6-tetramethyl-rjiperidinvloxy; 4^-2^ 6.6-tetrame- 
. 4-amino-2.2.6.6-tetra m etr^p^^ox y ; 4- 

mSEZSSh^ ^.S^etramethylpyrrolkJinyloxy; 3-amirK>2.2.5.5-tetra^pyrro..r^ 

5£E^^ 2.2.5.5-tetrarr^-3^^^ ac,d; ■ nd 

2 2 3 3 5 5 6 6-octamethyl-1 ,4-diazacyclohexy1-1 ,4-dioxy. 

Exanpfeso^itable I hydroxylases include, but are not limited to, the corresponding hydroxylammes of the nitrox- 

'^^r^trtodde free radical compounds may be prepared by known methods. ^^ e ' ^^^^ 

3 494930" 3.966,711; 3.704.233; 3,334.103; 3.253.055; 3.372.182; 3.502.692; 3,422.144; 3.163.677. 3.873.564 and 
4eB5.VB. which are hereby incorporated by reference. The corresponding hydroxyzine may be rxepared a^rding 
to US 4 665 185 and 5,290.888, which are hereby incorporated by reference. Such matenals are also available from 
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Aldrich Chemical Co. and Sigma Chemical Co. 

Suitable dihetero-substituted benzene compounds having at least one transferable hydrogen are those having the 

formulae: 
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and combinations thereof, wherein X is OH or SH, and Y is OR 7 , NR 8 R 9 or SR 10 . with X preferably being OH. R, R 7 , 
R 8 R 9 and R 10 may be the same or different, and preferably contain 1 to 15 carbon atoms with R also preferably being 
H (hydrogen). Preferably, R 7 , Ft* R 9 and R 10 are methyl, ethyl, propyl, butyl, or phenyl and the R groups H. The alkyl 
groups may also contain heteroatom substituents, such as halogen, oxygen, sulfur, nitrogen, and the like. 

Examples of such dihetero-substituted benzene compounds include, but are not limited to: hydroquinone; 4-meth- 
oxyphenol; 4-ethoxyphenol; 4-propoxyphenol and propyl isomers thereof; 4-butoxyphenol and butyl isomers thereof; 4- 
heptoxyphenol and heptyl isomers thereof; hydroquinone, monobenzylether; 1,2-dihydroxybenzene; 2-methoxyphenol; 
2 5-dichlorohydroquinone; 2,5-di-tert4>utylhydroquinone; 2-acetylhydroquinone; hydroquinone, monobenzoate; 1,4- 
dimercaptobenzene; 1,2<limercaptobenzene; 2,3,5-trimethylhydroquinone; 4-aminophenol; 2-aminophenol; 2-N.IM- 
dimethylaminophenol; 2-mercaptophenol; 4-mercaptophenol; catechol; monobutylether and butyl isomers thereof; 4- 
ethylaminophenol; 2,3<Jihydroxyacetophenone; pyrogallol, 1,2<limethylether; and 2-methylthiophenol. Such com- 
pounds are well known and commercially available. 

Preferably, conponent (B) is present in an amount of from about 5.8 millimolar to about 5.8 molar parts per million 
of acrylic acid on a weight basis (ppm), and component (C) is present in an amount of from about 8 millimolar to about 
16 molar ppm. During distillation, conponent (D) is preferably present in an amount of from about 1 to about 15,000 
ppm with the ppm being based on oxygen content. Component (D) may be added as air or molecular oxygen. 

More preferably, component (B) is present in an amount of from about 5.8 millimolar to about 3.5 molar ppm, and 
component (C) is present in an amount of from about 8 millimolar to about 9.7 molar ppm. If present during distillation, 
component (D) is more preferably present in an amount of from about 5 to about 5,000 ppm. Most preferably, compo- 
nent (B) is present in an amount of from about 5.8 millimolar to about 1 .7 molar ppm, and component (C) is present in 
an amount of from about 8 millimolar to about 9.7 molar ppm. During distillation, component (D) is most preferably 
present in an amount of from about 5 to about 1 ,000 ppm. 

In one particularly preferred embodiment, components (B) and (C) are present in a molar ratio of from about 1 S to 

about9:1. . . 

In another particularly preferred embodiment, components (B) and (C) are present in a molar ratio of from about 

1:3 to about 3:1. . 4 . . . 

In another particularly preferred embodiment, components (B) and (C) are present in a molar ratio of from about 

2:3 to about 3:2. _ . _ . ^ 

The oxygen may be present or added as molecular oxygen or as air. Air is preferred. The oxygen, whether molec- 
ular or present in air, may be added at any point within the distillation column but is preferably added at the bottom of 
the distillation column. 

The amounts in which the components (B) and (C) and, if present, the oxygen (D) are used will vary depending 
upon various conditions including the distillation, operating conditions and storage and transport conditions. 

The foregoing components (B) and (C) dissolve with relative ease in acrylic acid or organic solvents that are used 
in the process of preparing acrylic acid. Daring distillation, the oxygen is typically introduced into the distillation column 
in the gaseous state. 

The composition which includes component (D) may be used in the various distillation steps that are carried out in 
the distillation column for purifying acrylic acid, for separating acrylic acid from the solvent, for separating such light frac- 
tions as acetic acid from acrylic acid, for separating acrylic acid from acrylic esters and alcohol, and for separating such 
light fraction as acrolein from the aqueous solution of acrylic acid. 

The composition is also useful in the various steps that are carried out in the condensation column for acrylic acid 
and in the esterification reactor. m 

The compositions of the invention may be stored, handled, and used as monomeric material in polymerization 
processes, and otherwise, with continuing inhibition of thermal polymerization. 
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The present invention is further illustrated by the following non-limiting examples. All parts, percentages and other 
amounts given throughout this disclosure are by weight unless otherwise indicated. 



EXAMPLES 

EXAMPLE 1 : NITROXIDE SYNTHESIS 



In this example the nitroxide HTEMPO was prepared according to the method disclosed in Sosnovsky and Kbniec- 
zny. Z Naturforsch Vol. 31b, pp. 1376-78 (1976). for use in the polymerization inhibition tests which follow. About 9.43 

w grarns of 2.2 .6.6-tetramethyl-4i)iperidinol was dissolved in about 80 ml. of water. About 1 ml. of Versenex 80 was added 
to the mixture. Thereafter, about 27.2 ml. of hydrogen peroxide (30%) was also added. About 0.4 grams of sodium tung- 
state f NaoWO^HaO) were then added thereto. The total water volume is about 99 ml. The reaction solution was stirred 
vigorously at room temperature overnight. Thereafter, about 23.73 grams of sodium carbonate (anhydrous) were dis- 
solved and the reaction solution was stirred. A deep red product separated and became the upper phase. On standing. 

is this upper phase crystallized giving the crude nitroxide. The nitroxide was then filtered, then redissolved in ether. Inor- 
ganic salts were removed by filtration. The solvent was evaporated to give crude nitroxide. The nitroxide was then puri- 
fied by crystallizing from cyclohexane. A yield of 8.95 grams (about 83.3%) recrystallized. The aqueous filtrate may be 
further extracted to remove residual nitroxide. The piperidinol has a molecular weight of 157.26 and a meftng point of 
131°C. The nitroxide had a molecular weight of 172.26 and a matting point of about 70°C. The extraction of the nitroxide 

so may also be performed with a xylene/butyl celtosolve (e.g.. using a weight ratio of 49/2). 

EXAMPLE 2: STABILIZATION OF ACRYLIC ACID 

In this experiment, acrylic acid was stabilized with HTEMPO alone. MEHQ alone and the combination of HTEMPO 
25 and MEHQ. The HTEMPO was that prepared in Example 1. The remaining materials utilized were lab grade^chemicals 
obtained from Aldrich or Sigma. These included acrylic acid (AA). hydroquinone (HQ), rrcno-methylether of rrydroqui- 
none (MEHQ). mono-ethyl-ether of hydroquinone (EEHQ), mono-heptyl-ether of hydroquinone (C7HQ). phenothiazine 
(PTZ). butylated hydroxy toluene (BHT) and N.N'-di-sec*utylphenylenediamine (PDA). 

The experiments were carried out using a DuPorrt Instruments 9000 Thermal Analyzer with a DSC 1 0 DrHererrtial 
30 Scanning Calorimeter with pressure unit The Differential Scanning Calorimeter was supplied by TA (formerly STA) of 
Alzenau Germany 

The'acrylic acid utilized herein had previously been stabilized with MEHQ. The monomer was purified by removal 
of the inhibitor through careful distillation under an oil pump vacuum. The purified monomer was collected at -70°C and 
aliquots of it were stored in a freezer at about -30°C. The absence of MEHQ was confirmed through high pressure chro- 
35 matography(HPLC). gas chromatography (GC) and gc-mass-spectrometry (GCMS). 

The potential influence of different inhibitors to stabilize acrylic acid against unwanted, thermally initiated, radical 
polymerization was determined using differential scanning calorimetry (DSC). A sample (usually 2 to 4 jd) of the mon- 
omer with or without the inhibitor was encapsulated in a small aluminum sample container. An empty one was used as 
a reference Because the thermally induced radical polymerization of AA is exothermic by nature, the difference of the 
40 generated thermal energy between the sample and the blank was measured by the DSC and registered as a positive 

peak in the printout. . .... 

All experiments described herein were run using the same conditions. e.g.. sample preparation, thermal condition 
(about 136°C), determining the onset of polymerization (from DSC printout), etc. It was demonstrated that, for example, 
a change in the heat-up rate to the desired temperature of about 136-C had no significant influence on the induction 
45 time (i.e.. time until polymerization could be observed). Other variations, e.g.. decrease of the maximum temperature, 
resulted in the expected change of the induction time (i.e., longer time). 

Although MEHQ and HTEMPO may be used as stabilizers for acrylic acid alone, their individual stabilization effect 
was significantly less than their combination. The combination of the two had a synergistic effect on the stabilization of 
AA. Specifically, the effect was significantly greater than the added effect of the individual components. TheinFOve- 
so ment became visible when the amount of one added to the other was at least about 10% of the total amount <>f inhibitor. 
It was found that the described synergy seemed to depend on the presence of both the hydroquinone derivative 
and the nitroxide. The effect was best with MEHQ but could also be observed with EEHQ and C7-HQ. This otuW be 
explained by the fact that the dosage was weight ppm and. therefore, a greater molecular weight (of EEHQ and C7-HU 
compared to MEHQ) resulted in less inhibitor in the samples measured (i.e.. not mole corrected). No difference was 
55 observed between lab and technical grade acrylic acid. 

Figure 1 shows the results as retention time of the most important experiments: 

(A) purified AA. 



7 



10 



15 



20 



25 



EP0765 856A1 

(B+Qcal. tie theory 
(100 ppm). 

(B+ Ocal the theoretical, calculated result if the effect would only be additive for EEHQ (200 ppm) with HTEMPO 
(100 ppm). 

(B+C)act. the result of a combination of 200 ppm of MEHQ with 100 ppm of HTEMPO. 
(B+C)act. the result of a combination of 200 ppm if EEHQ with 100 ppm HTEMPO. 

MEHQ and EEHQ concentrations were 200 ppm's each. The EEHQ result is shown as a example for the effect of 
HQ derivatives. The C7-HQ results were slightly smaller and are not shown here. 

EXAMPLE 3: STABILIZATION OF METH ACRYLIC ACID (COMPARATIVE EXAMPLE) 

In this experiment methacrylic acid was stabilized with HTEMPO alone, MEHQ alone and a combination thereof 
^JSSSI^iSZi 5 or 6 times. The materials for the experiments deserved herein came from the same 
<^urres as mentioned in Exarrcle 2, this includes methacrylic acid, MAA. m 
^^ulejliaa>tic tuidwaG purified using the same technique as with AA in Example 2. The absence of the inhibitor 

nf mAthacrvlic acid Sarrole containers and sanrple volumes were identical to that of AA in Example d. 
d "1^££S2L the work carried out with AA and MAA was the temperature us* to » 'n^ymen- 
,pHon In order to make it easier to compare AA with MAA, MAA was run at the same temperature as AA (136 C - 
?™bu?v^^^^ 

Zm^W<«**U*. Therefore. 159-C was chosen, which is close to the boil.no. point of MAA, but even here 

scattering exists and is relatively greater than with AA. 
In comparing the two different radicals 



30 
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40 



45 




and 



MAA AA 




it becomes apparent that the MAA free radical is the more stable species (stabilized frrougr .the -CH 3 group). Tertiary 
radSs suchas these are made more stable (I.e.. less reactive) than secondary radicals, e.g.. MAA vs. AA radicals. 
Aecordinalv the MAA radical is less reactive than the AA radical. 
This^ 

sary to stabilize MAA. the biggest effect (in %) was between the purified monomer and 20 ppm of both HTEMPO or 



A combination of HTEMPO and MEHQ (20 and 30 ppm. respectively, for a 50 ppm ^Ui^ > M £ 
bition than the sum of the effects of the individual inhibitors atone, each at 50 ppm. This suggested that .n the MAA sys 
so tern the synergy observed in AA does not exist. See Figures 2A-2D. 

EXAMPLE 4: STABILIZATION OF ACHYLIC ACID WITH HTEMPO AND MEHQ VARYING THE RELATIVE CON- 
CENTRATION OF EACH 

55 in this experiment acrylic acid was Stabilized with HTEMPO alone. MEHQ alone, and a f"**"?^?* 
maintaining *e total concentration thereof at 300 ppm. The test procedure and set-up were like that of Example 2. 
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TABLE 1 
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Concentration (ppm) 




Run No. 


HTEMPO 


MEHQ 


Time (min.) a 


1 


0 


0 


4.1 


2 


0 


300 


22.1 


3 


75 


225 


36.2 


4 


100 


200 


44 


5 


125 


175 


40.9 


6 


150 


150 


36.1 


7 


200 


100 


29.1 


8 


300 


0 


12.2 



a Time until polymerization. 



The synergistic effect of the combination of HTEMPO and MEHQ is readily apparent from Table 1 in that the time 
until polymerization starts is delayed significantly. 

EXAMPLE 5: STABILIZATION OF ACRYLIC ACID 

In this experiment, acrylic acid was stabilized with MEHQ alone, HTEMPO alone, and a combination of MEHQ and 
HTEMPO Z a combWtt* of MEHQ and the corresponding hydroxylamine of HTEMPO. The test procedure and set- 
up was like that of Example 2. 



TABLE 2 



Run No. 


Concentration (ppm) 


Time (Min.) a 




MEHQ 


HTEMPO 


HYDROXYLAMINE 




1 


0 


0 


0 


4.1 


2 


300 


0 


0 


22.1 


8 


0 


300 


0 


12.2 


4 


200 


100 


0 


44 


9 


200 


0 


100 


33.4 



a Time until polymerization. 



45 



50 



As is readily apparent from Table 2. there is ateo a synergistic effect when a combination of MEHQ and the corre- 
sponding hydroxylamine of HTEMPO is utilized. 

EXAMPLE 6: STABILIZATION OF ACRYLIC ACID 

in experiments acrylic acid was stabilized with a combination of HTEMPO and MEHQ. Additional ^« 
were performed by replacing a position of the HTEMPO with HQ. MEHQ dose was ^"tamed at > ppm wrth the 
HTEMPO/HQ variable totaling 100 ppm. Otherwise, the test procedure and set-up were like that of Example 2. 
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TABLE 3 



Run No. 


Concentration (ppm) 


Time (Min.) a 




MEHQ 


HQ 


HTEMPO 




10 


200 


80 


20 


84.9 


11 


200 


50 


50 


84.8 


12 


200 


20 


80 


73.4 


13 


200 


0 


100 


58.8 



a Time until polymerization. 



As is readily apparent from Table 3, there is also a synergistic effect when a combination of MEHQ, HQ and 
HTEMPO is utilized. 

It is understood that the foregoing detailed description is given by way of illustration and that many modtf icatons 
may be made therein without departing from the spirit or scope of the present invention. 

Claims 

1 . A monomer conposition, stabilized against premature polymerization, said composition comprising a mixture of 

(a) acrylic acid; and 

(b) an effective amount, sufficient to inhibit premature polymerization of the acrylic acid, of a combination of 

(i) a compound selected form the group consisting of a stable nitraxyl radical, its corresponding hydroxy- 
lamine and combinations thereof, and 

00 a dihetero-substituted benzene compound having at least one transferable hydrogen. 

2. The conposition of daim 1 , wherein the compound is a stable nitraxyl radical having the formula: 



C — N — C — R 
I I I 
R 2 0 R 3 



wherein R 1t R 2 , R3 and R 4 each are alkyl groups or heteroatom substituted alkyl groups and R 5 and Re each are 
halogen, cyano, -COORi ^ wherein 1 is alkyl or aryl, -CONH 2f -S-C 6 H 5 , -S-COCH 3 , -OCOC2H5, carbonyl, alkenyt 
where the double bond is not conjugated with the nitraxyl moiety, or alkyl of 1 to 15 carbon atoms or R 5 and Re 
together form a ring structure with the nitrogen of the nitroxyl moiety. 

3. The composition of claim 2, the stable nitroxyl radical is selected from the group consisting of: di-tert-butylnitraxide; 
di-tert-amylnitroxide; 2,2,6,6-tetramethyl-piperidinyloxy; 4-hydroxy-2,2,6,6-tetramethyl-piperidinylaxy (HTEMPO); 
4-oxo-2,2 l 6,6-tetramethyl-piperidinylaxy; 4<limethylamino-2 ( 2,6,6-tetramethylpiperidinyloxy; 4-amino-2,2,6.6- 
tetramethylpiperidinyloxy; 4-ethanoyloxy-2,2 I 6,6-tetramethyipiperidinyloxy; 2,2,5,5-tetramethylpyrrolidinyioxy; 3- 
amino-2 t 2,5,5-tetramethylpyrroM 2,2,5,5-tetramethyl- 
3-pyrrolinyl-1 -oxy-3-carboxylic acid; 2,2,3,3,5,5,6,6K)ctamethyl-1,4<liazacyclohexyl-1,4-diaxy; and combinations 
thereof. 
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4. The composition of claim 3, the stable nitroxyl radical is ^hydroxy-a^.e.e-tetramethyl-piperkJinyloxy (HTEMPO). 

5. The composition of claim 1 , wherein the dihetero-substituted benzene compound having at least one transferable 
hydrogen is selected from the group consisting of those having the formulae: 

5 

X 



10 




and combinations thereof, wherein X is OH or SH, and Y is OR 7 , NRgRg or SR 10 , wherein R 7 and R 10 are each 
hydrogen, alky! or aryl, R 8 and R 9 are each C r C 15 alkyl or aryl, and R is hydrogen or C r C 15 alkyl. 

6. The composition of claim 1 , wherein the dihetero-substituted benzene compound having at least one transferable 
20 hydrogen is selected from the group consisting of: hydroquinone; 4-methoxyphenol (MEHQ); 4-ethcxyphenol; 4- 
propoxyphenol and propyl isomers thereof; 4-butoxyphenol and butyl isomers thereof; 4-heptoxyphenol and heptyl 
isomers thereof; hydroquinone, monobenzylether; 1,2-dihydroxybenzene; 2-methoxyphenol; 2,5-dichlorohydroqui- 
none; 2,5-di-tert-butyIhydroquinone; 2-acetylhydroquinone; hydroquinone, monobenzoate; 1,4-dimercaptoben- 
zene; 1,2<limercaptobenzene; 2,3,5-trimethylhydroquinone; 4-aminophenol; 2-aminophend; 2-N.N- 
25 dimethylaminophenol; 2-mercaptophenol; 4-mercaptophenol; catechol; monobutylether and butyl isomers thereof; 
4-ethylaminophenol; 2,3<lihydroxyacetophenone; pyrogallol, 1,2-dimethylether; 2-methylthiophenol; and combina- 
tions thereof; provided that hydroquinone is used in combination with at least one other dihetero-substituted ben- 
zene compound having at least one transferable hydrogen. 

30 7. A process for preventing the premature polymerization of acrylic acid, said process comprising adding to said 
acrylic acid an effective amount, sufficient to inhibit premature polymerization of said acrylic acid, of a combination 
of components (i) and (ii) as defined in any one of claims 1 to 6. 

8. A process for preventing the fouling of processing equipment including reactors, pipes, stills, distillation columns, 
35 cracking towers and heat transfer surfaces during the processing of acrylic acid, said process comprising 

adding to said acrylic acid, before processing is begun, an effective amount, sufficient to inhibit premature 
polymerization of said acrylic acid, of a combination of components (i) and (ii) as defined in any one of claims 
1 to 6. 

40 
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